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ABSTRACT

Approach slab is a structural concrete gtadi spars from the backwall of the abutment (i.e. end

of the bridge floor) to theeginning of the pavingection. The purpose of the approach slab is to
carry thetraffic loads wer the backfill behind the abutments to avdifferential settlementhat

causes bumps at the bridge en@astin-placeconcreteapproach slab is the current practice

US with various spans, reinforcement, thickness@sints, and concrete coversfNDOT has
observedoremature cracking in a significant number of approach stabh could result ina

shorter service lifeand costly repairs/replacements as well taaffic closures and detous. The
objective of this project is to investigate the exterd aauses of approach slab cracking and
propose necessary design, detailing and construction changes that could mitigate this deterioration.
The literature on current approach slakcpcas by other state DOTSs is reviewed and an analytical
investigation isconducted using finite element analysis to evaluate the performance of different
approach slabs under live load, volume changes due to shrinkage and temperature, and soil friction.
Several parameters are considered in this investigatlaw anglebridge width joint location,

and connection typeéAnalysis results indicate that volunohangescausehigh tensile stresses

along abutment linewhich result in the observed crackif@g\eral design changes are proposed

and pecast concrete approach skltematives are considered pgmising solutios that could

result in longer service life aratcelerated construction.
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Chapter 1. Introduction

1.1. Background

The approach slab is a structural concrete slab designed to span from the backwall of the abutment
(i.e. end of the bridge floor) to the grade beam or sleeper slab where itig §Ection begins. The purpose
of the approach slab is to carry the demdiand live loadf traffic over the backfill behind the abutments
to avoid possible settlement of the backfitht causes bump at the end of the bridgspite the simplicity
of castin-place(CIP) concreteapproach slab desigdasa simply supportedneway reinforced concrete
slab, it has been reportdg Nebraska Department of Transportation (ND@Bt a significant number
approach slabs experience cracking at early. &igpsre 1 shows examples of this cracking that is primarily
longitudinal cracking starting at and perpendicular to the backwall support line. This creediftg in
premature deterioratioof the approach slapshorter service lifeand costly repairs/régcements The

causes of this cracking are not clearlgerstood.

Figure 1.1:Cracking ofbridge gpproachslabs



On the other hand, NDOT recently considered the use of precast cqiR&gspproach slabs to
achieve higher quality and faster constiae than CIP concrete approach slabs. The first implementation
of precast concrete approach slabs was completed in the summer of 2018 in the construction-of Belden
Laurel Bridge. Several lessongre learned from this project, which could be considerachpoove the
design, fabrication, and construction of precast concrete approach slabs. Therefore, it is important and
timely to revisit the current design, detailing, and construction practiceéentCIP and PCapproach

slabs in order to improve thredurability and speed of construction.

1.2. Objectives

Themainobjectivesof this research project ie:
1. Investigate causes of premature deterioratio@lP concrete approach slabs
2. Propose aefined desigrmnddetailingof CIP concretapproach slabs
3. Proposalesign alternativet® enhance the design/constructioriP@approach slabs
4

Recommend changes to ND@pproach slapolicy
1.3. Report Outline

Thisreportconsists of six chaptees follows.
Chapter 1 i Introduction : This chapter discusses the backgrd of the problem and research

objectives

Chapter 21 Castin-Place Approach SlabsThechaptepresentshecurrent practicesf several

DOTsat different geographical regioimsdesigning and detailing of CIP concrete approach sRésults
of recentsurveys were also summarizedgresenthe differences in approach slab desagd construction

practices in US

Chapter 3 i _Condition Evaluation: The chapter presents the outcome of three field visits to

observe the cracking in bridge approach slabspavihg sections. Also, analysis of element inspection
data of approximately 500 records in NDOT database is presented tmideténe effect of parameters,

such as age, skew angle, bridge width, and traffic volume, on the cracking of approach slabs.

Chapter 41 Analytical Investigation: The chaptepresents the finite element analysis conducted

to study the effect of skew angl#jdge width, longitudinal joint, abutment connection, and soil friction on
the stresses in the approach slabs under live ladisolume changes due to shrinkage and temperature.

It also presented the proposed changes to reduce these stresses amappoosich slab cracking.



Chapter 51 Precast Concrete Approach SlabisThe chaptempresents the different types of

precast concte approach slabs and the designs proposed by PCI as well as current practices in lowa, South
Carolina, lllinois, Missouri, and Nebraska. Design alternatives are proposed using beghartygtirength
concreteand ultrahigh performance concrete in comdiion with Grade 60 steel and high strength steel.

Chapter 6 T Conclusionsand Lessons LearnedThis chapter presensssummaryof thereport

mainconclusionsirawn fromthefinite element analysis of approaslab, design and detailing G1P and
precasttoncrete approach slabs and design recommendati@tso presents the lessons learned from the
production and construction of precast concrete approach slabs.



Chapter 2 Cast-in-PlaceConcrete Approach Slals

2.1. Introduction

This chapter presents tHéerature reviewon the current practicesf different US
Departments of Transportation (DOTs)cluding NDOT ,in designing and detailincastin-place
(CIP) concrete approach slabs. Recentveys that shows the difference in approach slab
dimensions and reforcement among DOTs are discusasdwell ashe common deterioration
mechanisms and their possible causégure 2.1 shows the plan view of a typiegbroach slab

andthe terminology used to descriltg parameters.

@
id
S
o)
3
=]
$
P
T
1G]

Skew Bridge
—= Angle Width (W)

Longitudinal Reinforcement

.~ length (L) ——=

Figure 2.1: Approach Slalfermindogy

2.2. Current Practices

The current practicef CIP concretapproactslabsin US vary amongtate DOTs with respect to
the followingparametersslab lengthslab thicknesszoncrete coveitop and bottontongitudinal
and transverseeinforcementand conections/jointgletailing Below is brief description of these
parameters for a selective gpaof state DOTS.
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2.2.1.Nebraska

According to NDOT Bridge Office Policies and Procedures (BORFLG, approach slals
designed asneway slabsimply supported by thebutment and the grade beam as shown ar€ig

2.2 (BOPP, 2016). The grade beam is a reinfdrcencrete beam parallel to the abutment,
supported by piles to minimize settlement, and extended to cover sidewalk. The minimum span
length of approach slab 20 ft. measured at the centerline of roadway from the end of bridge floor
to centerline of graelbeanmand the minimum thickness specifiedas 14 in The main longitudinal
reinforcement is #8 @ in. and #5 @ 12 in. for bottom and top reinforcement, Espdy. The
transverse reinforcement is #5 @ 12 in. and #3 @. for top and bottom reinfoernent,
respectively. The main longitudinal reinforcement cover is 2.5 in. and 3 in. for top and bottom
reinforcement, respectively. The approach slab is anchiordee abutment using #6 bar bent at

45 deg. inside the approach slab with adegeateedmenkengthand coveland spaced at 12 in.

The approach slab could be pedseparat from the bridge deck or poured continuously with the
deckbut partially separateusing a galvanized platEigure 2.2 shows the end of floor detail for
eachof the twocase. Expansion/contraction joint is placed over the grade beam using joint filler
and joint sealant between the approach slab and paving sdetwimg section hathe same
thickness as the approach slab and is anchored to the grade bepdbugeg. bent bark extends

for 30 ftto be connected to the roadway pavemesihg horizontal dowelsApproach slab is
resting ora granular backfill antalf of the grade dam without a&onnectionas shown in section

B-B, to allow its movement du® temperature changes.

Beginning of —————— 30'-0" (Paving Section) 20'-0" [=— Abutment No. |
Paving Section (Approach Sectlon) @ End of Floor
Sta 145+94.07 (SB) Sta. 146+44.07 (SB)
Sta. 146+07.53 (NB) A Sta. 146+57.563 (NB)
S S‘ 2-N402 (Typ.) r See Detall "F"
i el /&:

14°

~ LA Field Bend \TYP' -
3|8 3§
S| £ 2-N50/ S £
8 E |3
3. 3 B & N
= = pu B ) =5
4= 9 " 6 = € Sout
Sly @ U 20-N501 @ 12" ctrs. Sl
o2 5 (Top) o &2 Roadwa
S & PN W
o© s 25-N503 @ 12" ctrs. || 12"\ 27-ns01 @ 9" cm\ @
2|® o Max. (Top & Bottom) (Bottom) | @
Sl b SIE=]
=D = @
ST C & T
S| 9-N505 @ 12" ctrs. | g

Max. (Top & Bottom) 5-N401 @ 12"
— N \ \ctrs. (Typ.)
Edge of clear ‘e
Roadway (Typ.) 6-N40! (To match C
' N505)(Typ.) \k@ Grade Beam No. |
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End of Floor —=—

Approach Section = 20'-0" @ € Roadway

20-N501 @ 12" ctrs. (Top)

- =

—~ 27-N501 @ 9" ctrs. (Bottom)
3|7
N Ns502 at 12" otrs. Max
:&‘ x N at ctrs. Max \

A601

@ 0 ga Gahanlzed plate —
extend from egge to edge

of deck, Rout and seal. ~ %o
e 1
-

F Encd of Floor

T

[ N
Anchor j——--\ _‘_Tﬁ
\ =

/
8 T | \ /
ALy | |
\ Construction
Joint

— .

To be used If approach slab Is
poured contlnuous with bridge deck.

@ Stablifze Piate durlng pour

| [
_AT END OF FLOOR
€ Expansion Joint| |
¢ Grade Beam i
Paving Sectlon | Approach Sectlon
4-'i4v- /,_. Jolnt Sealant
o | //
| (/ / 1" Preformeg Jolnt Fliier

LA

&.nf - w L / ,/" v w A d 'v"-'-: - '.
:l - - g R :

i g |
]

£, T 5 T oo
| \ =1 f & gl S | —Granular
X K e e e e - Backf
\ CAST RS S RS S 82
LN
| \ BN
\ \\»\
AB0) - —Place 3" x 6" of
| c j '-\ Polystyrane on top oOfF the

\ Granwlar Backfill prior 10
‘ : pouring the concrete siab.

o2 L - \—prace 1 Layer of 585 Mogifled
1 Asphait Base Sheet on approech
= ’ 5 section half of the grade beam

SECTION B-B
Figure2.2: NDOT Typical Approach Slab Design and Detailing
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2.2.2.California

According to Caltrans (2018dlifferent types ofCIP concrete approach bfaareavailable Figure 2.3
showsonly Type N (30) that is 30 ft long and 15 in. thi€kther types of structural approach are: Type R
(30), Type R (10), and Type EQ (1B)gure 2.4 shows thdifferent abutment tie detaitased on movement
rating (MR) For MR greater than or equal to 2 irb, ¥ertical tie is used at 9 in. spacing. Also, longitudinal
reinforcement is used normal to BB and EB lines while transverse reinforcement is always parallel to BB
and EB lines.

ROADWAY

PAVEMENT
LANE
LINE,
Typ

END OF i SEE "APPROACH SLAB
WINGWALL R S TRANSVERSE JOINT"
L]
_;)aﬂ. SEE NOTE A TABLE
— — 1 -
OPTIONAL
RN ke E 1 LONGITUDINAL

SEE "APPROACH Const _JOINT, \

SLAB TRANSVERSE SKEW® @ .

JOINT" TABLE NS

ST BB OR EB—=\ _ _ ~X W

AN \
A A \
\ A
o=
RETAINING WALL ”‘:“*——r!ggéi% [ \

] ( _""“'5' Y |
? il Fi ':.

L 30"-0" J Z 30°-0" Min ﬁ

- SKEW < 20° ' SKEW > 20°

MOTE A:
Type E-1 Approach Slab shown, see
for Type E-2 details,

PLAN

PAY LIMITS FOR STRUCTURAL COMCRETE, APPROACH SLAB (TYPE N)

ES OR 300"
TRAMSVER
%« L SEE "ABUTMENT TIE DETAILS" @ JB“T‘? EE,ESEE
. L :
Nlc—J AE(——~ #5 @ 18 BOTH WAYS -4 NOTE 2
- j : \
W V7 %\ \ /\ \{ /‘\ _)\_/\
- | |
L] Il i L]
NN I \ o=
[aa]
#5 86 N\ 41096 ioT& {HFILTER FABRIC C 3" @ SLOTTED PLASTIC
L NORMAL TO  papal LEL TO PIPE, SEE NOTE 4
f LANE LINES | 4nE LINES WOVEN TAPE FABRIC '
Abut
BACKWALL GEOCOMPOSITE DRAIN, NOTE: Seat type abutment shown,
SEE NOTE 4 diaphragm type abutment similar.

Figure 2.3: Caltrans Typical Apprach Slab Design and Detailing
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JOINT SEAL

@ BB OR EB o8 O EBT #5 U @ 9
N

SEE NOTE 1
#5 Cont Tot 2 Gookoen, [OF o 4
2" PARALLEL ASSEMBLY -0 1"-0
#H5 @ 6 TO BB OR EB \\ FMin
PARALLEL TO Y ‘ Y '
LANE LINES, i 1 Ny 7
SEE NOTE 1*‘*\[% \ #5 | @9
I X SEE NOTE 1
#5 x 2'-0" it ) ‘ SIS
@ 12, 1'-0" \fﬂﬁi \“:a\_
INTO Abu+t | M 1/4" EXPANSION
BACKWALL JOINT FILLER #5 Cont Tot 4
i PARALLEL
45 ¥ plogh TO BB OR EB
L/L- @9, 1'-0" A &l/.,“ EXPANSION
/ o INTG Aout L3" JOINT FILLER
Abut BACKWALL 5
. Abut BACKWALL \
MR ¢ 2" MR > 2"

SEAT TYPE ABUTMENT

Figure 2.4: Caltrans Abutment tie Details

2.2.3. Washington

According to WSDOT (2019)he standardCIP concrete approach slah?25 ft long and 13 in. thick as
shown inFigure 25. Dowels are used to connect it to thadwaypavement andi5 deg. bent bareused

to connect it to the abutment. Longitudinal joints are either saw cut at lane lifudisd@pthconstruction
jointsare usedThese joints are required for slabs wider than 40 ft with a maximum section width of 24 ft

BRIDGE | 25 - [
BRIDGE APPROACH SLAB

=0"
2" (TYP.)

(TYF.)

"

t SKEW ANGLE — |
|
=%

BACK OF
PAVEMENT SEAT

LONGITUDINAL JOINT ~
WHEN REQUIRED —.
[SEE NOTE 2)

@ 2 - 0" CENTERS

BOTTOM:

(A2 Was @5 &A1 | Tes @ 5"

AP1] #58@ 5"
BRIDGE APPROACH SLAB WIDTH

APPROACH EXPANSION ANCHORS

2 [APS] 45 -

X
5 TOP:

TOP: NESHB @ 1 - 0" MAX.
BOTTOM: #5 @ 0" MAX.
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BRIDGE | BRIDGE AFPROACH SLAB ROADWAY
TOP: N #6 2" CLR. (TYP)
SEE SHEET 2 FOR BOTTOM: [AP3]#5 My =
ANCHOR DETAILS | [APT | &8s [APZ ]/ #5 ~o . ‘ I
— o |
BV — e T T T e e e T @%—{
e T OB | TN i T U AR B0 Ll D I0 Al A G G O e S eI | SR | |

SEE DOWEL BAR DETAIL

\_ FOR CEMENT CONCRETE
PAVEMENT OR HMA ROADWAY
JOINT DETAIL

" (IN) CENTERS

© 8
o CRUSHED SURFACING BASE COURSE ~
& COMPACTED DEPTH OF 0.20 (FT} OR
MATCH DEPTH OF ROADWAY SECTION
TOP OF GRADE
APPROACH SLAB
1/2" {IN) PREMOLDED
SLEEVEWITH ff_ JOINT FILLER
F%Eﬂ,‘;“ﬁ';& \ \ /- TOP OF PCCP ROADWAY
|_ 316" MIN. TO 518" MAX. : [
SAWCUT JOINT NV Y D2
4 - ; : o
L3 (Y}  CRACK CONTROL Z_ . v f 3
[AP2] E #5 — \ ~ " JOINT E=) v —
| \ W N | J . A1 1727 (IN) DIAM, x 1" - "
|= N — J 9 DOWEL @ 1'- 0" 0.C.
sssp=bapsac; Ty (Y-
¢ INSERT DOWELS PARALLEL TO CENTER LINE
==s===5===S===5===== ;\2 ==== ALONG TRANSVERSE CONSTRUCTION JOINT
I | DOWEL BAR DETAIL FOR CEMENT
LONGITUDINAL - [AF31#5 CONCRETE PAVEMENT
CRACK CONTROL JOINT
(SEE NOTE 2)
NEXT PLACEMENT || _PRECEEDING PLAGEMENT .. BRIDGE | BRIDGEAPPROACHSLAB __
112" GLR.
— we oy CONSTRUCTION JOINT . "
(TYP.) 1/8" (IN) R. WITH CLASS Il FINISH \ el
P4/ e / (SEE NOTE 1) |
| | \ i
N W i 2
|___T___=___?:I Te T T Te T T Te T T [ ,/’//’/\dfl'
___________ L \
l:jc;:::;:::;: :;:::;:i:_—‘::: \ ['r’ 1 s
! N l'\
i I [APE ] #s @ 12
i g - [AP3]#s It T~ PLACED N ABUTMENT
MIN. LAP My (BARS MAY BE

EDGE PRECEEDING PLACEMENT ONLY WATH 1/8" (IN) RADIUS

FIELD BENT)

L - TYPE ABUTMENT PINNED ANCHOR DETAIL

ALTERNATE LONGITUDINAL
JOINT DETAIL

Figure 2.5: WSDOT Approach Slab Design and Detailing

2.2.4.Missouri

According to MoDOT (2020), the standard CIP concrete approach sl&bftidohg and

P in. thick as

shown in Figure &. Approach slab is resting toZaft wide sleeper slab vl expansion/contractionijd
with the paving sectioatone engdand90 deg. berbar anchorso the abutmerdtthe other endApproach
slabs are poured after and separate from the bridge deck on Type 5 aggregatellbdspthkeyed
construction joitsin the approach slab asteeper slab should be aligned with the construction joint of the

bridge deck.
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g

PART FLAN SHOWING REIMFORCEMENT
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[
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1AT Dl‘id‘;ﬂ 3 |-
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ACProach 51gb. and ronuior bote Drain Pipe 18 wlo A Tt
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iTop and Dottomd Bottom of Sléapar Slab
3'=0"
SECTIOM C-C
34% . Filler Barrisr (Typ.)
iTyp. 1 * = Rars at 1% cta ' e
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ansl tion from roodway Srown
o bridge crown as TRCESEOTY —]

j—*ﬁ Bars at 127

K

- T
K rl N 1 1 1 1 1 1 1 1 i

I
Ty

r
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o e e 0 e e .

o Bars at 127 ots.
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SECTION A-A

s Bars at 127 cts

Typs & Curts (Tygp. )

Fransition from roosdwdy ordw
Fo bridge orown b mqmr—l\.

j—"!

Bars ot 137 oty

m Bars at 127 cts.—d

% Bors gt 57 cts.

CONSTRUCTION

SECTION B-B

JOINT DETAIL

Figure 2.6: MoDOT Approach Slab Design and Detailing
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2.2.5.lowa

According tolowaDOT (2020), thee are multiplestandard for CIP concrete apprah slals with 10 in.

and 12 in. thickness, variable and constant depth, singly and doubly reinforced slabs, and for fixed and
movable abutments$igure 27 shows the 20 ft long and 12 in. thick constant depth approach slab that is
doubly reinforced and carected to single reinforced 20 ft long paving seciibpnase offixed abutment

(top figure),movable abutmer{middle figure), and with sleep slab in case of slab bridges (bottom figure).
The figure alsshows the pavement lamnd widgoint in case of meable abutment.

Figure 2.7: lowaDOT Approach Slab Design and Detailing

2.2.6.Colorado

According toCDOT (2020), the standard CIP concrete approach slab is 20 ft long and 12 in. thick as shown
in Figure 28. Approach slab is resting to a sleeper slab win. wideexpansion/contraction joint with the
paving section at one end, and 90 deg. bent bar anchors to the abutment at the otlwergéndinal
reinforcement is placed parallel to the centerlinehefroadway, while transverse reinforcementasgd
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